Abstract-This study aims to describe the enhancement and achievement of students' critical thinking skills in mathematics (CTSM) as a result of 5E Learning Cycle with Metacognitive Techniques (LCM), Learning Cycle (LC) and Conventional Learning (CL) implementation is measured entirely and based on student's Mathematical Prior Ability (MPA). This research used a quasi-experimental design with pretest-posttest control group. The population of the research is Junior High School students in Indramayu City, West Java Province, Indonesia. The sample is eighth grade students from two school levels classified as high and medium levels, amounted to 173 students. Three classes were randomly selected from each school, one class received LCM, one class received LC, and the other class received CL. The instruments consisted of CTSM tests, MPA test, and observation sheet. The study revealed that in terms of overall, the enhancement and achievement of students' CTSM who received LCM is better than those who received LC and CL. Likewise the achievement of students' CTSM who received LC is better than those who received CL. The enhancement and the achievement of LCM group students' critical thinking skills is 0.62 and 27.30 while the LC group is 0.49 and 22.84, and the CL group is 0.34 and 17.80. There is an interaction effect between learning model and MPA towards enhancement of students' CTSM. However descriptively, there is no interaction effect between learning model and MPA towards achievement of students' CTSM.
INTRODUCTION
Critical thinking is one of the necessary abilities to overcome various problems that arise. Critical thinking is necessary in order to have precise reason in solving the problem, which is supported by accurate evidence. The importance of critical thinking skills described by [1] , she stated that the creative thinking, maintain and apply knowledge and critical thinking is essential to develop thinking skills, they are the ability to make decisions and solve the problem.
Critical thinking is a high-level thinking skills. [2] defined critical thinking as reflective and reasonable thinking that is focused on making decisions about what to believe or do. Reflective means consider or rethink everythink before taking a decision. Reasonable means all beliefs, views, or action are supported by the evidence or the right reasons. The development of critical thinking skills can be done in the process of learning, especially mathematics. As implied in KTSP curriculum or curriculum in 2013, that mathematics needs to be given to students from elementary school through high school to equip them with the ability to think logically, analytical, systematic, critical, and creative, as well as the ability to work together.
Although critical thinking skills might be essential for students, several studies indicated that the ability is still low. The results of the research included the results of Trends in International Mathematics and Science Study (TIMSS) in 2007 and 2011 that the average score of mathematics achievement is far below the average, the rank in 2011 was 38 th out of 42 participating countries. In TIMSS 2011, students were involved in various cognitive processes to solve problems [3] . Low ability to solve problems indicated that the critical thinking skills of students is still low. [4] in her results of research conducted on the eighth grade students in Indramayu concluded that mathematical students' critical thinking skills is still low.
The development of critical thinking skills can be done by creating a learning where students as individuals who are 101 1st International Conference of Mathematics and Science Education (ICMSEd 2016) active in learning and do not just accept the concept. But the reality of learning is still lacking to enable students to learn. It is based on the study included the National Research and National Education Development Department (Balitbang Depdiknas) in 2007. From the study found that starting from primary to secondary education, in general, the implementation of learning still used lecturing and question and answer methods, as well as teaching and learning activities was less in making students active in learning [5] .
To develop the critical thinking skills, learning should be created to make students involved in exploration activities to find the concept or solutions from mathematical problems that are not routine. This is in line with the opinion of [6] that the conditions to think critical thinking in mathematics should contain non-routine situations. Meanwhile, [7] explained that learning provides an opportunity for students to actively think through discovery activities, problem solving and discussion are learning to develop students' critical thinking skills. According [8] the mathematical problems that involve thinking, analyzing, and synthesizing can encourage students' critical thinking skills.
In addition to develop critical thinking skills, students metacognition must be empowered. This is in line with [9] and [10] that the critical thinking skills of students in mathematics who received metacognitive approach is better than students who received conventional learning. The term of Metacognition is introduced by Flavell in 1976. Flavell in [11] stated that metacognition is a person's consciousness about the cognitive processes and independence to achieve the goal.
One of learning model that seems can be used to develop critical thinking skills is 5E Learning Cycle with Metacognitive technique. It is because various activities to develov mathematical critical thinking as stated by [6 -8] contain in LC. Furthermore, the empowerment of students' metacognition can be done by integrating metacognitive techniques into LC.
A. Critical Thinking in Mathematics
Many experts defined critical thinking skills in different way. According to [12] , "Critical thinking in mathematics is the ability and disposition to incorporate prior knowledge, mathematical reasoning, and cognitive strategies to generalize, prove, or evaluate unfamiliar mathematical situations in a reflective manner". [13] summarize that, the most basic concept of critical thinking is the ability of interpretation, analysis, evaluation, inference, explanation, and self regulation. More specifically, [14] linking aspect of critical thinking with mathematical content includes: concepts, generalization, algorithm and skills, and problem solving. Thus the critical thinking in mathematics can be defined as the ability to integrate prior knowledge, mathematical reasoning, and problem-solving strategies to solve mathematical problems.
Based on the description above, one of the factors that could affect the ability of critical thinking mathematically that is prior knowledge or mathematical prior ability of the students. That is because, students will have trouble when he will provide the solution of problems with reasoning or evidence that is accurate, if he does not master the knowledge or concepts in mathematics including prior knowledge.
The 5E Learning Cycle with Metacognitive Techniques
In 1980 a team of researchers Biological Science Curriculum Study (BSCS) under the leadership of Bybee develop 5E Learning Cycle model. According to [15] this model is influenced by Herbart learning psychology, thought of John Dewey and Jean Piaget.
According to [15] , 5E Learning Cycle has five stages, engage, explore, explain, elaborate, and evaluate. At this stage of engage, teachers access students" prior knowledge and help them engage in new concepts that encourage their learning interest. In the stage of explore, students are involved in exploration concepts activity to generate new ideas. In the stage of explain, the students explained the conceptual understanding or process skills obtained in the previous stage. This stage also provides an opportunity for teachers to directly introduce the concept, process, or skill. In the elaborate stage, teachers broaden understanding of the concept. In evaluate stage, carried out an assessment of their understanding and ability, and provide an opportunity for teachers to evaluate student progress to achieve educational goals.
Those five stages can stimulate students' critical thinking skills, because it involves prior knowledge, non routine situation or problem, reasoning, cognitive strategies, and involved students in discussions to do exploration or find new ideas. This is in line with the opinion of [6 -8] as already mentioned, that these activities, can develop students' critical thinking skills.
The 5E Learning Cycle model with metacognitive technique, is a learning model that integrates directly metacognitive techniques in every stage of 5E Learning Cycle model. One type of metacognitive technique is self asking. In this study the questions is made focused on three categories adopted from Beeth in [16] , namely intelligibility, wideapplicability, and plausibility. In intelligibility category, the question asked is, "Is the concept I learned can be understood?" In wide-applicability category, the question asked is, "What concept that can be used to solve the problem? "or," can the concept that I learned be used to solve problems in other areas or in their daily lives? ". in plausibility category the question asked " Is the problem solving that I created believable?"
Various studies have been done on the use of 5E Learning Cycle and metacognitive empowerment. [17] concluded that critical thinking skills of students who received 5E Learning Cycle with Scientific approach is better than the expository class on derivative Function. [18] concluded that, there is no difference of critical thinking skills enhancement between students who are taught by 5E Learning Cycle and Discovery Learning model. [19] , concluded that the use of 5E Learning Cycle, is more effective than conventional approaches towards critical thinking skills. [20] concluded that enhancement of students" critical thinking skills who received 5E Learning Cycle is better than students who received conventional learning. [9 -10] that metacognitive approach can enhance students" critical thinking skills in mathematics.
Based on the description above, the use of 5E learning Cycle with metacognitive technique can be used to develop students' critical thinking skills. However, research on the use of the 5E Learning Cycle to enhance students" critical thinking skills in mathematics, is limited. Even, research on the use of the 5E Learning Cycle with metacognitive technique to enhance students" critical thinking skills in mathematics, has not been found.
B. Purpose and Significance of Research
Critical thinking skills are needed by students, therefore required to develop it. For that reason, this research is expected to put more information to the literature about learning that can develop students' critical thinking skills.
The purpose of this study was to describe the enhancement and the achievement of students" critical thinking skills in mathematics who received 5E Learning Cycle with metacognitive technique, Learning Cycle, and Conventional Learning, that is measured entirely and based on student"s Mathematical Prior Ability (MPA).
RESEARCH METHOD
This study used a quasi experimental method with pretestposttest control group design.
A. Population and Sample
The research was conducted in academic year 2015/2016. The population of the research is Junior High School students in Indramayu City, West Java Province, Indonesia. The sample is eighth grade students from two school levels, classified as high amounting to 83 students and medium levels amounting to 90 students. In this research, one school was randomly selected from both high and medium-level school. Furthermore, three classes were randomly selected from all of the eighth grade students in high and medium level school, one class received LCM, one class received LC, and another class received CL. School level has been determined based on school accreditation score which is valid until the year 2014.
B. Instruments
In this study the material being taught included relations and functions, equations of straight lines, and the system of linear equations in two variables which refered to the curriculum. The instruments used were critical thinking skills in mathematics (CTSM) tests, observation sheets, and MPA tests. CTSM tests were given prior to the learning activity (pretest) and after the learning activity (posttest). MPA tests were given prior to the learning activity. CTSM test consists of 10 items with maximum ideal score of 40, MPA test consists of 22 objective test items and 2 analytical test items with a maximum ideal score of 30. Evaluation of CTSM using components, namely identification and interpretation of information, information analysis, evaluation of argument, and inference ( [2] and [12 -13] ). These components associated with mathematical content include concept, generalization, algorithm and skills, and problem solving according with the content of the material being taught. Meanwhile, material of MPA test was adjusted to the subject matter of Mathematics which has been studied in the previous semester of 2015/2016 which refered to the curriculum. Before used, instruments tested in limited. After being improved, instrument is tested in wide scale. Based on analysis, it is obtained that test is valid and reliable with reliability coefficient r = 0.84, for MCTS test and 0.83 for MPA test with objective form, for MPA with analytical test, r = 0.64.
The achievement of students' critical thinking skills determined based on posttest scores. Meanwhile, to calculate the magnitude of the increased, it use of the gain normalized formula developed by [21] and the gain calculation results are interpreted using the classification Gain from [22] From Table 1 , both in terms of overall and every MPA levels it is known that the enhancement and achievement of students' critical thinking skills LCM group is greater than LC group and CL group. The enhancement of students' critical thinking skills LC group is greater than CL group.
B. Data Analysis
The statistical test results of critical thinking skills enhancement data of LCM, LC, and CL groups at all levels MPA have normal distribution. The statistical test results of critical thinking skills enhancement data of LCM, LC, and CL groups at high and medium level have heterogenous variance, however at low level have homogeneous variance. Thus, the mean difference test used is One Way Anova and Kruskal Wallis. Based on analysis, it is known that the probability value (significance), both in terms of overall and every levels are smaller than the significance level 05 . 0   . Thus it is concluded that at least one of the enhancement of critical thinking skills of learning groups" data, which have an average difference. Then, further statistical tests was conducted. At low level, Scheffe test was used, Dunnett T3 test was used at high and medium level, and comparison between multiple treatments test was used in terms of overall students. Based on analysis, it can be concluded that the enhancement of critical thinking skills of LCM students is better than those of LC and CL students, and the enhancement of critical thinking skills of LC students is better than those of CL students.
Based on the test results of normality, the achievement of critical thinking skills of LCM, LC, and CL group data at the high level have normal distribution. Meanwhile, in term of overall students and at the LCM, LC, and CL group at the medium and low level, not entirely normally distributed.. Thus, the mean difference test used is One Way Anova and Kruskal Wallis. Based on analysis, it is known that the probability value, both in terms of overall and every levels are smaller than the significance level 05 . 0   . Thus it can be concluded that at least one of the achievement of critical thinking skills of learning groups data, which have an average difference.
Then, further statistical tests was conducted, In the high level using Dunnett T3 test. Base on analysis it can be concluded that achievement of critical thinking skills of LCM students is better than those of LC and CL students, and the achievement critical thinking skills of LC students better than those of CL students. At medium level, low level, and in terms of overall students, that was using Multiple Comparison between Treatments. Based on analysis, at the significance level 05 . 0   , it can be concluded that in low level, the achievement of critical thinking skills of LCM students is better than those of LC and CL students, but there is no differences in the achievement of critical thinking skills, between LC and CL students. In medium level and terms of overall students, the achievement of critical thinking skills of LCM students is better than those of LC and CL students, and the achievement of critical thinking skills of LC students is better than those of CL students.
1) Interaction between Learning Model and MPA toward
Enhancement of Students' CTSM From analysis using two-way ANOVA, it can be concluded that the learning model has a significant effect on the enhancement of students' critical thinking skills. This is indicated by the value of F = 24,97 with the probability (sig) is 0.005 that is smaller than 0.05. Thus MPA factors have a significant effect on the enhancement of students' critical thinking skills. This is indicated by the value of F = 42,94 with the probability (sig) is 0.002 that is smaller than 0.05. Meanwhile, there is interaction effect between learning model and MPA levels toward enhancement of students' critical thinking skills. This is indicated by the value of F = 3.75 with the probability (sig) is 0.006 that is smaller than 0.05.
2) Interaction between Learning Model and MPA toward Achievement of Students' Critical Thinking Skills
Based on the analysis, the achievement of students' critical thinking skills data at all levels MPA are not entirely normal distribution. Therefore, to see the effect of the interaction between learning model and MPA towards the achievement of students critical thinking skills analyzed graphically, are presented in figure 1. In Figure 1 , it can be seen that the achievement mean of LCM students' critical thinking skills sequence from largest to smallest are high-level students, medium level students, and low-level students. The same sequence occurs in the achievement mean of CL and LC students' critical thinking skills. Figure 3 also shows that the lines almost parallel. These conditions indicates that there is no interaction between learning model and MPA levels toward achievement of students' critical thinking skills
C. Discussion
In terms of overall students, the enhancement of critical thinking skills students who received LCM is 0.62, the students who received LC is 0.49, while the students who received CL is 0.34. According to Hake, the enhancement has a medium level.Then, the statistical test results confirms that the enhancement of critical thinking skills students who received LCM is better than students who received LC and CL, the enhancement of critical thinking skills students who received LC is better than students who received CL.
The enhancement of students' critical thinking skills is supported by its achievement. In terms of overall students, the statistical test results concluded that the achievement of students' critical thinking skills who received LCM is better than students who received LC and CL. The achievement of students' critical thinking skills who received LC is better than students who received CL. This shows that learning model (LCM) has a significant effect on students' enhancement and achievement critical thinking skills Research shows that MPA has a significant effect toward achievement and enhancement students" critical thinking skills. This finding can be seen at every level. At high level, enhancement and achievement of students" critical thinking skills who received LCM is greater than students who received LCM at the medium level. At medium level, enhancement and achievement of students" critical thinking skills who received LCM is greater than students who received LCM at the low level. The same conditions occurred in LC and CL. At high level, enhancement and achievement of students" critical thinking skills who received LC end CL is greater than students who received LC and CL at medium level. At medium level, enhancement and the achievement of students" critical thinking skills who received LC and CL are greater than students who received LC at the low level Another findings, there is interaction effect between learning model and MPA towards enhancement of students" critical thinking skills. Thus, MPA factors require close attention, because enhancement of students" critical thinking skills, in addition affected by learning model also depends on MPA. In other words simultaneously MPA and learning model influence on enhancement of critical thinking skills.
The presence of interactions effect, can be seen for students at low level, the use of LCM and LC did not leave a large effect on the enhancement of student critical thinking skills.The enhancement of students" critical thinking skills who received LCM is 0.38, students who received LC is 0.28. The magnitude of enhancement is slightly less with enhancement critical thinking skills of students who received CL, amounting to 0.21. This is possible because, on LC and LCM, it requires the ability to explore, elaborate, explain, and empower their metacognition in learning activities. These activities are more easily to carry out by students at high level. While the students at low level, generally still difficult to explore, elaborate, explain, and empower their metacognition. This is reflected in the learning activities that take place.
In high level, students have better ability to perform a variety of learning activities in LCM to spur increased students' critical thinking skills mathematically. It can be seen, in enhancement of LCM group students' critical thinking skills is 0.89, while LC group is 0.75, and CL group is 0.52. In medium level, the enhancement of LCM group students" critical thinking skills is 0.63 while the LC group is 0.48, and the CL group is 0.31. Thus the use of LCM and LC will be more successful when applied to students at high and medium level to enhance critical thinking skills. This is in accordance with the opinion of [23] that the lower level schools have a tendency of student learning outcomes that are less good.
Generally, this study shows that LCM is better in facilitating students to develop critical thinking skills than LC and CL. LC is better in facilitating students to develop critical thinking skills than LC. This is possible because in LC students are involved in discussion to analysis, evaluate, solve the problem and found new idea. These activities, can develop ability to think critically as revealed by [6 -8 ] . Meanwhile in LCM, students' metacognition is more empowered than students who received LC and CL. According to [24] , students who use well their metacognition will be a critical thinker, problem solver, as well as good decision makers. Otherwise, in the conventional learning teacher gives the concept or the material directly through lectures, then teachers provide practice questions to the student. Thus the conventional learning less spur students to develop critical thinking skills through activities that took place on LC.
This research results in line with the results of research conducted by [17 -20] , they concluded that enhancement of students" critical thinking in mathematics who received 5E Learning Cycle is better than student who received conventional learning. Another line of study carried out by [9] [10] that the metacognitive approach, influence in improving students' critical thinking skills in mathematics.
IV. CONCLUSION
In terms of overall students, the enhancement and achievement of students critical thinking skills who received LCM is better than students who received LC and CL. Likewise the achievement of students" critical thinking skills who received LC is better than students who received CL. At all levels, the enhancement of students" critical thinking skills who received LCM is better than students who received LC and CL. Likewise, the enhancement of students" critical thinking skills who received LC is better than students who received CL. At the high and medium level, the achievement of students" critical thinking skills who received LCM is better than students who received LC and CL. The Achievement of students" critical thinking skills who received LC is better than students who received CL. At the low level, the achievement of students" critical thinking skills who received LCM is better than students who received LC and CL, but there are no differences in achievement of critical thinking skills between students who received LC and students who received CL.
There is interaction effect between learning model and MPA towards enhancement of students" critical thinking skills. However descriptively, there is no interaction effect between learning model and MPA towards achievement of students" critical thinking skills.
LCM can be used to enhance critical thinking skills in all MPA level because in any level, students who received LCM have better in enhancement and achievement of critical thinking skills than students who received LC and CL. To use LCM, teachers need to prepare worksheets used in exploration or investigation. The Worksheets are made should provide a situation or a mathematical problem so it encourage students to think and play an active role in the learning process. Therefore the students' thinking skills become one consideration in determining the situation or problem mathematically created. Besides that, the discussion goes well, the group should be heterogeneous Based on these results, in terms of overall enhancement and the achievement of critical thinking skills students who received LCM are in the medium level, thus the enhancement and achievement of critical thinking skills did not obtain the maximum results. Therefore, further research is needed to assess the cause.
